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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an optical 
space communication apparatus provided with a func- 
tion to correct an angle of transmitting light or receiving 
light, which performs two-way information transmission 
by propagating a light signal in a beam shape in a free 
space. Further, the invention relates to an angle adjust- 
ing method of a receiving optical system in an optical 
space communication system for performing communi- 
cation by propagating a light signal in a free space. 

Related Background Art 

[0002] In conventional optical space communication 
apparatus, a transmission-side device transmits a sig- 
nal in which a pilot signal is superimposed on a main 
signal (transmission signal), and a reception-side de- 
vice detects the pilot signal to extract information about 
an angle deviation between the optical axis of a receiv- 
ing optical system and the receiving light, thereby ad- 
justing the angle upon start of transmission or correcting 
the angle during transmission. A generally employed 
method for detecting the angular deviation is one ar- 
ranged in such a manner that a receiving light spot fo- 
cused by the receiving optical system is guided onto a 
photodetector and the photodetector detects a position 
of the spot. The pilot signal is a signal having a frequen- 
cy band different from and narrower than that of the main 
signal. An example of the pilot signal is a sinusoidal sig- 
nal. 

[0003] The photosensor employed is a PSD (Position 
Sensitive Detector) or a CCD (Charge Coupled Device), 
which demonstrates weakness with respect to the re- 
sponse speed when the frequency of the pilot signal is 
high. A method for overcoming it employs an array of 
plural photodiodes with fast response speed and de- 
tects differences of outputs from the photodiodes. For 
example, as shown in Fig. 1 , photodetectors la to 1 d with 
same characteristics are located in the four quadrants, 
respectively, and light intensities thereof are obtained 
through load impedances 2a to 2d and low limiting cir- 
cuits 3a to 3d, finally obtaining a position of the receiving 
light spot from sums and differences of these outputs. 
[0004] The reason why the pilot signal is used is that 
high-sensitive reception is possible because of its nar- 
rower band than that of the main signal and that the con- 
trol function can be maintained even if the main signal 
becomes weak or even if there is no input of the main 
signal. Further, influence of background light can be de- 
creased when the angular deviation is detected with the 
pilot signal having a certain high frequency component, 
different from low frequency components such as dc 
light. 



[0005] If rain, fog, or the like decreases the light inten- 
sity on a transmission path, the detection level of the 
pilot signal will be lowered in the above system, which 
will degrade S/N ratios, being signal-to-noise ratios, and 

5 which will thus greatly affect accuracy of angular devia- 
tion information. Therefore, the system of the above 
type includes the low limiting circuits 3a to 3d in order 
to avoid degradation of the accuracy of angular devia- 
tion information. 

10 [0006] The background light is all light other than the 
light transmitted from the transmission-side device, in 
the light entering the reception-side device. For exam- 
ple, the background light includes the sun light, lights of 
buildings, etc. However, shot noise increases in the pho- 

15 todiodes used as photodetectors when the background 
light greatly increases, for example when the direct rays 
of the sun are incident on the photodiodes. In that case, 
the shot noise is detected as multiplexed with the pilot 
signal. This causes a problem of erroneous angle cor- 

20 rection when only the shot noise due to the background 
light exceeds the low limiting value in spite of absence 
of incidence of the pilot light. 

[0007] An optical space communication apparatus as 
defined by the precharacterizing features of claim 1 as 
25 well as an angle adjusting method of a receiving optical 
system in an optical space communication system as 
defined by the precharacterizing features of claims 6 
and 7, respectively, are known from the EP-A-O 560 
315. 

30 [0008] From Patent Abstracts of Japan, vol. 14, no. 
554 and JP-A-2 236 477 it is known to eliminate back- 
ground light noise and to obtain an accurate tracking an- 
gle error signal having a high S/N ratio by respectively 
multiplying the outputs of respective photodetectors by 

35 the outputs of respective variable phase shifters and giv- 
ing the multiplied result to a tracking error signal arith- 
metic operation circuit. 

[0009] From the EP-A-O 653 852 there is known an 
optical space communication apparatus for propagating 

40 a beam of light through free space to thereby effect com- 
munication. This apparatus includes a transmitting de- 
vice for transmitting a first optical signal converted into 
a beam of light, an expanse angle varying device for var- 
ying the angle of expanse of the beam of light into which 

45 the first optical signal has been converted, a level vary- 
ing device for varying the output level of the first optical 
signal, a control device for controlling the expanse angle 
varying device and the level varying device, and a re- 
ceiving device for receiving a second optical signal con- 

50 verted into a beam of light. 

SUMMARY OF THE INVENTION 

[001 0] An object of the present invention is to provide 
55 an optical space communication apparatus which can 
correct the angle of transmitting light or receiving light 
without any practical trouble even with an extreme in- 
crease of the background light, solving the above prob- 



2 



3 



EP 0 724 340 B1 



4 



lem and a respective angle adjusting method. 
[0011] In order to achieve the above object, the 
present invention provides according to a first aspect an 
optical space communication apparatus as defined in 
claim 1 . 

[0012] The optical space communication apparatus 
having the above configuration is arranged to multiplex 
the pilot signal with the main signal being the transmis- 
sion signal, to convert the first electric signal thus made 
into the first light signal, and to transmit the light signal 
as adjusting the beam size to a predetermined size on 
the reception side. The second light signal comprising 
the pilot signal from the party apparatus is received by 
the plurality of segmental opto-electrical conversion el- 
ements to be converted into second electric signals, 
these electric signals are split each into two signals, the 
signals are let to pass the band-pass filters having the 
pass region comprising the frequency of the pilot signal 
of the party apparatus and the band-pass filters having 
the pass region not including the frequency of the pilot 
signal of the party apparatus, and the detection means 
detects the respective signals. Angle correction of the 
transmitting optical system is effected by changing the 
cut-off frequency of the servo system loop filter, based 
on these detection signals, and then two-way informa- 
tion transmission is performed between the transmis- 
sion apparatus opposed to each other as being apart at 
a predetermined distance. 

[0013] In order to achieve the above object the inven- 
tion provides according to a second and third aspect an 
angle adjusting method defined in claim 6 and claim 7, 
respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

Fig. 1 is a structural drawing to show an angular de- 
viation detecting part in the conventional example; 
Fig. 2 is a structural drawing to show the optical 
space communication apparatus of the present in- 
vention; 

Fig. 3 is a structural drawing to show the angular 
deviation detecting part of Fig. 2; 
Fig. 4 is a structural drawing to show the angular 
deviation detecting part of Fig. 2; and 
Fig. 5 is an explanatory drawing to illustrate band- 
pass filters shown in Fig. 2. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[001 5] The optical space communication apparatus of 
the present invention will be explained in detail by ref- 
erence to the embodiment depicted in Fig. 2 to Fig. 5. 
[0016] Fig. 2 is a structural drawing to show the two- 
way optical space communication apparatus, in which 
in a light transmission unit 10 an output of a generator 
1 2 for generating the sinusoidal pilot signal as described 



previously is connected to a wavelength multiplexer 11 
for receiving a transmission signal and an output (first 
electric signal) of the multiplexer 11 is connected to an 
electro-optical converter 1 3. There are a lens system 1 4, 
5 a polarizing beam splitter 15, and an optical-axis angle 
adjustment drive mechanism 1 6 arranged on the optical 
path ahead of the electro-optical converter 1 3. 
[0017] A beam splitter 17 is located on the optical path 
in the direction of reflection of the polarizing beam split- 
ter 15. A main signal detector 18 for detecting the main 
signal and outputting a reception signal is placed in the 
direction of transmission of the beam splitter 17, and an 
angle deviation detector 19 is placed in the direction of 
reflection of the beam splitter 17, thereby composing a 
light reception unit 20. 

[001 8] The angu lar deviation detector 1 9 is divided in- 
to four photodetection elements 19a to 19d, as shown 
in Fig. 3, and electric signals from the respective ele- 
ments are supplied to the load impedances 21 a to 21 d. 
Further, each of these electric signals is split into two, 
which are supplied through band-pass filter 22a to 22d 
and band-pass filter 23a to 23d to corresponding detec- 
tors 24a to 24d and 25a to 25d. An output of the angle 
deviation detector 19 is connected to a system control 
unit 26 having an external condition setting device and 
to a servo system loop filter 27, and an output of the 
system control unit 26 is connected to the servo system 
loop filter 27, to an amplifier 28, and to a beam size var- 
iable means 29 for driving the lens system 14. Further, 
an output of the amplifier 28 is connected through an 
optical-axis angle adjustment drive control unit 30 to the 
optical-axis angle adjustment drive mechanism 1 6. Fur- 
ther, an output of the servo system loop filter 27 is con- 
nected to the amplifier 28. 

[0019] The main signal, being the transmission signal, 
is multiplexed in the multiplexer 11 with the first pilot sig- 
nal from the pilot signal generator 12, the thus multi- 
plexed signal is converted into a first light signal (first 
light beam) in the electro-optical converter 1 3, the beam 
size variable means 29 for changing the beam size of 
the transmission beam moves the lens system 1 4 along 
the optical axis to control the beam size so that a pre- 
determined beam size may be achieved at a position 
where a party apparatus is located, and the light signal 
is transmitted through the polarizing beam splitter 15 
and optical-axis angle adjustment drive mechanism 16. 
[0020] On the other hand, a second light signal (sec- 
ond light beam) sent from the party apparatus and in- 
cluding a second pilot signal is guided through the opti- 
cal-axis angle adjustment drive mechanism 16 and po- 
larizing beam splitter 15 to the light reception unit 20, 
where it is split by the beam splitter 17 into two beams 
traveling toward the main signal detector 1 8 and toward 
the angle deviation detector 19. The main signal detec- 
tor 18 receives the main signal to output the reception 
signal, while the angle deviation detector 19 receives 
the second pilot signal sent from the party apparatus by 
each of the four segmental detection elements 19a to 
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19d, which generate electric currents corresponding to 
light intensities of received light. These current signals 
are converted into voltage signals (second electric sig- 
nals) in the load impedances 21 a to 21 d. Each of these 
voltage signals is split into two signals, the bands of 
which are limited by the band-pass filter 22a to 22d and 
band-pass filter 23a to 23d. After that, the voltage sig- 
nals are detected by the associated detectors 24a to 24d 
and 25a to 25d to become detection signals Va to Vd 
and Va' to Vd' corresponding to respective receiving- 
light levels. 

[0021] As shown in Fig. 4, the detection signals Va to 
Vd are used to detect the angular deviation between the 
receiving light and the optical axis of the light reception 
unit 20. Further, the system control unit 26 controls the 
servo system loop filter 27, amplifier 28, and beam var- 
iable means 29 to send a signal to the optical-axis angle 
adjustment drive control unit 30, whereby the optical- 
axis angle adjustment drive control unit 30 controls the 
optical-axis angle adjustment drive mechanism 16 to 
correct the angular deviation. In the apparatus the opti- 
cal axis of the light transmission unit 10 is preliminarily 
aligned with the optical axis of the light reception unit 
20. Thus, once the angular deviation is corrected be- 
tween the receiving light from the party apparatus and 
the light reception unit 20, the transmission light can be 
sent on the same optical axis as the receiving light is 
transmitted from the party apparatus. Two-way optical 
space communication as being always stable becomes 
possible by the above operation between the apparatus 
opposed to each other. 

[0022] Fig. 5 shows the band-pass filters 22a to 22d, 
23a to 23d, in which, letting fO be the frequency of the 
second pilot signal transmitted from the party apparatus, 
the band-pass filters 22a to 22d include the frequency 
fO in the pass region and the band-pass filters 23a to 
23d do not include the frequency fO in the pass region. 
It is noted here that the pass regions of the band-pass 
filters 22a to 22d and band-pass filters 23a to 23d do 
not have to be continuously arranged. They may be set 
apart from each other or may overlap with each other. 
Further, one pass region may be included completely in 
the other. The point is whether the pass region includes 
the frequency fO or not. 

[0023] The shot noise due to the background light can 
be considered to have almost uniform noise power per 
unit frequency within a certain frequency range. For ex- 
ample, if the band widths of the band-pass filters 22a, 
23a are known, the S/N ratio of the detection signal Va 
including the frequency fO can be calculated based on 
the detection signals Va and Va'. This is because the 
detection signal Va is a signal in which the shot noise is 
multiplexed with the second pilot signal and the detec- 
tion signal Va' is a signal which represents only the shot 
noise. The same means can also be used to recognize 
the noise light when only the noise light is incident with- 
out incidence of the second pilot signal. When absence 
of incidence of the second pilot signal is recognized from 



the detection signals Va to Vd and Va' to Vd 1 and even 
if the values of the detection signals Va to Vd are not 
less than the low limiting value set, the all values are set 
to the lower limiting value. 

5 [0024] If in spite of reception of the second pilot signal 
the system control unit 26 determines from the detection 
signals Va to Vd and Va' to Vd' that the level of the back- 
ground light is too high to accurately perform the angle 
correction of the receiving light because the strong 

10 background light could degrade the S/N ratio of the sec- 
ond pilot signal used in detecting the angular deviation, 
the system control unit 26 lowers the cut-off frequency 
of the servo system loop filter 27 for angle correction, 
thereby performing the angle correction of the receiving 

15 light without practical trouble by controlling the optical- 
axis angle adjustment drive mechanism 16. Namely, 
when it is considered that there is no extremely quick 
vibration because of good installation conditions of ap- 
paratus, the S/N ratio of the second pilot signal used in 

20 detecting the angu lar deviation can be improved by low- 
ering the frequency characteristics of the servo system 
loop filter 27. 

[0025] If the system control unit 26 determines from 
the detection signals Va to Vd and Va' to Vd' that accu- 
25 rate angle correction of the receiving light cannot be 
done and if the installation conditions do not allow the 
frequency characteristics of the servo system loop filter 
27 to be lowered, the system control unit 26 decreases 
the servo system loop gain as victimizing the accuracy 
30 of angle correction and further controls the beam varia- 
ble means 29 to enlarge the size of the transmission 
beam to the party apparatus opposed in order to com- 
pensate for the decrease of the loop gain. This results 
in decreasing a margin for attenuation of light signal on 
35 the transmission path. However, an increase of the level 
of incidence of the background light due to the direct 
rays of the sun implies low attenuation of light on the 
transmission path, and the same can be applied to the 
light signal on the transmission path, thus causing no 
40 practical trouble. If the background light decreases be- 
lowthe permissible level thereof in a normal system con- 
dition, the control unit 26 returns the system to the nor- 
mal condition. 

[0026] The cut-off frequency and the loop gain of the 
45 servo system loop filter 27 for controlling the angle of 
the receiving optical system can be arranged as to be 
variable in such a manner that the detection signals Va 
to Vd are subjected to analog-digital conversion, the dig- 
ital signals are taken into a CPU in the control unit 26, 
50 and they are made variable on software or by using an 
analog circuit. Further, the size of the transmission 
beam to the party apparatus opposed can be made var- 
iable by horizontally moving the lens system 14 dis- 
posed between the electro-optical converter 1 3 and the 
55 polarizing beam splitter 15 along the optical axis, and 
the control of movement of the lens system is executed 
by the CPU in the control unit 26. 
[0027] As detailed above, the optical space commu- 
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nication apparatus according to the present invention is 
arranged in such a manner that the angular deviation 
detecting unit of receiving light can independently detect 
the receiving level of the pilot signal and the receiving 
level of shot noise due to the background light, whereby 
the apparatus can perform the angle correction of re- 
ceiving light without practical trouble even with an ex- 
treme increase of the shot noise due to the background 
light. 



Claims 

1 . An optical space communication apparatus for per- 
forming communication by propagating a light sig- 
nal in a free space, comprising: 

multiplexing means for multiplexing a first pilot 
signal with a transmission signal; 
first converting means for converting a first 
electric signal from said multiplexing means in- 
to a first light signal; 

a transmitting optical system for transmitting 
said first light signal to a party apparatus; 
a receiving optical system for receiving a sec- 
ond light signal including a second pilot signal, 
having been transmitted from said party appa- 
ratus; 

second converting means for converting said 
second light signal into a second electric signal; 
a first band-pass filter having a pass region 
comprising a frequency of said second pilot sig- 
nal; 

first detecting means for detecting said second 
electric signal having passed through said first 
band-pass filter; 

adjusting means for adjusting an angle of said 

receiving optical system; and 

control means for controlling said adjusting 

means; 

characterized by 

a second band-pass filter having a pass region 
not including the frequency of said second pilot 
signal; 

second detecting means for detecting said sec- 
ond electric signal having passed through said 
second band-pass filter; and 
frequency variable means for making variable 
a cut-off frequency of a servo system loop filter 
for said control means, based on signals from 
said first detecting means and said second de- 
tecting means. 

2. The apparatus according to claim 1, further com- 
prising: 



gain variable means for making a servo system 
loop gain for said control means variable, 
based on the signals from said first detecting 
means and said second detecting means; and 
5 beam size variable means for making a trans- 

mission beam size of said first light signal var- 
iable, based on the signals from said first de- 
tecting means and said second detecting 
means. 

10 

3. The apparatus according to claim 1 , wherein 

if control of adjustment of the angle by said control 
means cannot be done accurately, said frequency 
variable means lowers the cut-off frequency of the 
15 servo system loop filter for said control means. 

4. The apparatus according to claim 2, wherein 

if variable operation of the frequency by said fre- 
quency variable means cannot be done, said gain 
20 variable means decreases the servo system loop 
gain for said control means and said beam size var- 
iable means enlarges the transmission beam size 
of said first light signal. 

25 5. The apparatus according to any one of claims 1 to 
4, wherein 

said receiving optical system is adapted for splitting 
a light signal having been transmitted from said par- 
ty apparatus into a predetermined light signal and 
30 said second light signal comprising a second pilot 
signal; and detection means are provided for de- 
tecting a main signal from said predetermined light 
signal. 

35 6. An angle adjusting method of a receiving optical 
system in an optical space communication system 
for performing communication by propagating a 
light signal in a free space, comprising: 

40 a step of multiplexing a first pilot signal with a 

transmission signal by multiplexing means; 
a step of converting a first electric signal from 
said multiplexing means into a first light signal; 
a step of transmitting said first light signal to a 
45 party apparatus through a transmitting optical 

system; 

a step of receiving through a receiving optical 
system a second light signal comprising a sec- 
ond pilot signal, having been transmitted from 
50 said party apparatus; 

a step of converting said second light signal into 
a second electric signal; a step of detecting by 
first detecting means said second electric sig- 
nal having passed through a first band-pass fil- 
55 ter having a pass region comprising a frequen- 

cy of said second pilot signal; 

characterized by 
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a step of detecting by second detecting means 
said second electric signal having passed 
through a second band-pass filter having a 
pass region not including the frequency of said 
second pilot signal; and 5 
a step of making variable a cut-off frequency of 
a servo system loop filter for adjustment of an 
angle of said receiving optical system, based 
on signals from said first detecting means and 
said second detecting means. to 

7. An angle adjusting method of a receiving optical 
system in an optical space communication system 
for performing communication by propagating a 
light signal in a free space, comprising: is 

a step of multiplexing a first pilot signal with a 
transmission signal; 

a step of converting a first electric signal from 
said multiplexing means into a first light signal; 20 
a step of transmitting said first light signal to a 
party apparatus through a transmitting optical 
system; 

a step of receiving through a receiving optical 
system a second light signal comprising a sec- 25 
ond pilot signal, having been transmitted from 
said party apparatus; 

a step of converting said second light signal into 
a second electric signal; 

a step of detecting by first detecting means said 30 
second electric signal having passed through a 
first band-pass filter having a pass region com- 
prising a frequency of said second pilot signal; 

characterized by 55 

a step of detecting by second detecting means 
said second electric signal having passed 
through a second band-pass filter having a 
pass region not including the frequency of said 40 
second pilot signal; 

a step of making variable a servo system loop 2. 
gain for adjustment of an angle of said receiving 
optical system, based on signals from said first 
detecting means and said second detecting 45 
means; and a step of making a transmission 
beam size of said first light signal variable, 
based on the signals from said first detecting 
means and said second detecting means. 

50 

Patentanspruche 

1. Optische Raum-Kommunikationsvorrichtung zum 
Durchfuhren einer Nachrichtenubertragung durch 55 
Ausbreiten eines Lichtsignals im freien Raum, urn- 3. 
fassend: 



eine Multiplex-Einrichtung zum Multiplexen ei- 
nes ersten Pilotsignals mit einem Sendesignal; 
eine erste Wandlereinrichtung zum Umwan- 
deln eines ersten elektrischen Signals von der 
Multiplex-Einrichtung in ein erstes Lichtsignal; 
eine Sendeoptik zum Senden des ersten Licht- 
signals zu einer Teilnehmervorrichtung; 
eine Empfangsoptik zum Empfangen eines 
zweiten Lichtsignals, das ein zweites Pilotsi- 
gnal enthalt, und das von der Teilnehmervor- 
richtung gesendet wurde; 
eine zweite Wandlereinrichtung zum Umwan- 
deln des zweiten Lichtsignals in ein zweites 
elektrisches Signal; 

ein erstes BandpaGfilter mit einem DurchlaGbe- 
reich, der eine Frequenz des zweiten Pilotsi- 
gnals enthalt; 

eine erste Detektiereinrichtung zum Eriassen 
des zweiten elektrischen Signals, welches 
durch das erste BandpaGfilter hindurchgelangt; 
eine Einstelleinrichtung zum Einstellen eines 
Winkels der Empfangsoptik; und 
eine Steuereinrichtung zum Steuern der Ein- 
stelleinrichtung; 

gekennzeichnet durch 

ein zweites BandpaGfilter mit einem 
DurchlaBbereich, der die Frequenz des zwei- 
ten Pilotsignals nicht enthalt; 
eine zweite Detektiereinrichtung zum Erfassen 
des zweiten elektrischen Signals, welches 
durch das zweite BandpaGfilter hindurchge- 
langt ist; und 

eine Frequenzanderungseinrichtung zum Ver- 
anderlich-Machen einer Eckfrequenz eines 
Servosystem-Schleifenfilters fur die Steuerein- 
richtung, basierend auf Signalen von der ersten 
Detektiereinrichtung und der zweiten Detektier- 
einrichtung. 

Vorrichtung nach Anspruch 1, weiterhin umfas- 
send: 

eine Verstarkungsanderungseinrichtung zum 
Veranderlich-Machen einer Servosystem- 
Schleifenverstarkung fur die Steuereinrichtung 
basierend auf den Signalen der ersten und der 
zweiten Detektiereinrichtung; und 
eine StrahlbundelgroGen-Anderungseinrich- 
tung zum Veranderlich-Machen einer Sende- 
strahlbundelgroGe des ersten Lichtsignals ba- 
sierend auf den Signalen der ersten und der 
zweiten Detektiereinrichtung. 

Vorrichtung nach Anspruch 1, bei der, 

wenn die Steuerung der Einstellung des Winkels 

durch die Steuereinrichtung nicht exakt durchge- 
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enthalt, hindurchgelangt ist, von einer zweiten 
Detektiereinrichtung; und 
einen Schritt des Veranderlich-Machens einer 
Eckfrequenz eines Servosystem-Schleifenfil- 
5 ters zur Einstellung eines Winkels der Emp- 

fangsoptik basierend auf Signalen der ersten 
und der zweiten Detektiereinrichtung. 

7. Winkeleinstellverfahren fur eine Empfangsoptik in 
10 einem optischen Raum-Kommunikationssystem 
zum Durchfuhren einer Nachrichtenubertragung 
durch Ausbreiten eines Lichtsignals im freien 
Raum, umfassend: 

15 - einen Schritt des Multiplexens eines ersten Pi- 
lotsignals mit einem Sendesignal; 
einen Schritt des Umwandelns eines ersten 
elektrischen Signals von der Multiplex-Einrich- 
tung in ein erstes Lichtsignal; 

20 - einen Schritt des Sendens des ersten Lichtsi- 
gnals zu einer Teilnehmervorrichtung uber eine 
Sendeoptik; 

einen Schritt des Empfangens eines ein zwei- 
tes Pilotsignal enthaltenden zweiten Lichtsi- 

25 gnals, welches von der Teilnehmervorrichtung 

gesendet wurde, mit einer Empfangsoptik; 
einen Schritt des Umwandelns des zweiten 
Lichtsignals in ein zweites elektrisches Signal; 
einen Schritt des Nachweisens des zweiten 

30 elektrischen Signals, welches durch ein erstes 

BandpaBfilter mit einem DurchlaGbereich, der 
eine Frequenz des zweiten Pilotsignals enthalt, 
hindurchgelangt ist, mittels einer ersten Detek- 
tiereinrichtung; 

35 

gekennzeichnet durch 

einen Schritt des Erfassens des zweiten elek- 
trischen Signals, welches durch ein zweites 

40 BandpafBfilter mit einem DurchlaGbereich, der 

die Frequenz des zweiten Pilotsignals nicht 
enthalt, hindurchgelangt ist, mittels einer zwei- 
ten Detektiereinrichtung; 
einen Schritt des Veranderlich-Machens einer 

45 Servosystem-Schleifenverstarkung zur Ein- 

stellung eines Winkels der Empfangsoptik ba- 
sierend auf Signalen der ersten und der zwei- 
ten Detektiereinrichtung; und 
einen Schritt des Veranderlich-Machens einer 

50 SendestrahlbundelgroBe des ersten Lichtsi- 

gnals basierend auf Signalen der ersten und 
der zweiten Detektiereinrichtung. 
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fuhrt werden kann, die Frequenzanderungseinrich- 
tung die Eckfrequenz des Servosystem-Schleifen- 
filters fur die Steuereinrichtung absenkt. 

4. Vorrichtung nach Anspruch 2, bei der, 

wenn die Frequenzanderung durch die Frequenz- 
anderungseinrichtung nicht vorgenommen werden 
kann, die Verstarkungsanderungseinrichtung die 
Servosystem-Schleifenverstarkung fur die Steuer- 
einrichtung verringert, und die StrahlbundelgroGen- 
Anderungseinrichtung die Sendestrahlbundelgro- 
Ge des ersten Lichtsignals erhoht. 

5. Vorrichtung nach einem der Anspruche 1 bis 4, bei 
der 

die Empfangsoptik dazu ausgebildet ist, ein Licht- 
signal, welches von der Teilnehmervorrichtung ge- 
sendet wurde, in ein vorbestimmtes Lichtsignal und 
das ein zweites Pilotsignal enthaltende zweite 
Lichtsignal aufzutrennen wobei eine Detektierein- 
richtung vorgesehen ist, um aus dem vorbestimm- 
ten Lichtsignal ein Hauptsignal zu erfassen. 

6. Winkeleinstellverfahren fur eine Empfangsoptik in 
einem optischen Raum-Kommunikationssystem 
zum Durchfuhren einer Nachrichtenubertragung 
durch Ausbreiten eines Lichtsignals im freien 
Raum, umfassend: 

einen Schritt des Multiplexens eines ersten Pi- 
lotsignals mit einem Sendesignal durch eine 
Multiplex-Einrichtung; 

einen Schritt des Umwandelns eines ersten 
elektrischen Signals von der Multiplex-Einrich- 
tung in ein erstes Lichtsignal; 
einen Schritt des Sendens des ersten Lichtsi- 
gnals zu einer Teilnehmervorrichtung uber eine 
Sendeoptik; 

einen Schritt des Empfangens eines ein zwei- 
tes Pilotsignal enthaltenden, von der Teilneh- 
mervorrichtung gesendeten zweiten Lichtsi- 
gnals mittels einer Empfangsoptik; 
einen Schritt des Umwandelns des zweiten 
Lichtsignals in ein zweites elektrisches Signal; 
einen Schritt des Erfassens des zweiten elek- 
trischen Signals, welches ein erstes 
BandpaBfilter mit einem DurchlaGbereich, der 
eine Frequenz des zweiten Pilotsignals enthalt, 
hindurchgelangten zweiten elektrischen Si- 
gnals mit Hilfe einer ersten Detektiereinrich- 
tung; 

gekennzeichnet durch 

einen Schritt des Erfassens des zweiten elek- 
trischen Signals, welches durch ein zweites 
BandpaBfilter mit einem DurchlaGbereich, der 
die Frequenz des zweiten Pilotsignals nicht 



1 . Appareil de communication optique en espace libre 
pour realiser des communications par propagation 
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d'un signal de lumiere dans un espace libre, 
comprenant : 

des moyens de multiplexage pour multiplexer 
un premier signal pilote avec un signal de 5 
transmission ; 

des premiers moyens de conversion pour con- 
verts un premier signal electrique provenant 
desdits moyens de multiplexage en un premier 
signal de lumiere ; to 
un systeme optique d'emission pour emettre le- 
dit premier signal de lumiere vers un appareil 
correspondant ; 

un systeme optique de reception pour recevoir 
un second signal de lumiere comprenant un se- is 
cond signal pilote ayant ete emis par ledit ap- 
pareil correspondant ; 

des seconds moyens de conversion pour con- 
verts ledit second signal de lumiere en un se- 
cond signal electrique ; 20 
un premier filtre passe-bande ayant une region 
passante comprenant une frequence dudit se- 
cond signal pilote ; 

des premiers moyens de detection pour detec- 

ter ledit second signal electrique ayant passe a 25 

travers ledit premier filtre passe-bande ; 

des moyens d'ajustement pour ajuster un angle 

dudit systeme optique de reception ; et 

des moyens de commande pour commander 

lesdits moyens d'ajustement ; 30 

caracterise par ; 

un second filtre passe-bande ayant une region 
passante n'incluant pas la frequence dudit se- 35 
cond signal pilote ; 

des seconds moyens de detection pour detec- 
ter ledit second signal electrique ayant passe a 
travers ledit second filtre passe-bande ; et 
des moyens de variation de frequence pour 40 
rendre variable une frequence de coupure d'un 
filtre de boucle d'asservissement pour lesdits 
moyens de commande, sur la base de signaux 
provenant desdits premiers moyens de detec- 
tion et desdits seconds moyens de detection. 45 

2. Appareil selon la revendication 1, comprenant en 
outre : 

des moyens de variation de gain pour rendre so 
variable un gain de boucle d'asservissement 
pour lesdits moyens de commande, sur la base 
des signaux provenant desdits premiers 
moyens de detection et desdits seconds 
moyens de detection ; et 55 
des moyens de variation de taille de faisceau 
pour rendre variable une taille de faisceau 
d'emission dudit premier signal de lumiere, sur 



la base des signaux provenant desdits pre- 
miers moyens de detection et desdits seconds 
moyens de detection. 

3. Appareil selon la revendication 1 , dans lequel : 

si la commande d'ajustement de Tangle qui 
est realisee par lesdits moyens de commande ne 
peut pas etre faite avec precision, lesdits moyens 
de variation de frequence abaissent la frequence 
de coupure du filtre de la boucle d'asservissement 
pour lesdits moyens de commande. 

4. Appareil selon la revendication 2, dans lequel : 

si une operation de variation de la frequence 
realisee par lesdits moyens de variation de frequen- 
ce ne peut pas etre faite, lesdits moyens de varia- 
tion de gain reduisent le gain de la boucle d'asser- 
vissement pour lesdits moyens de commande et 
lesdits moyens de variation de taille de faisceau 
augmentent la taille du faisceau d'emission dudit 
premier signal de lumiere. 

5. Appareil selon I'une quelconque des revendications 
1 a 4, dans lequel ledit systeme optique de recep- 
tion est concu pour separer un signal de lumiere 
ayant ete emis par ledit appareil correspondant en 
un signal de lumiere predetermine et ledit second 
signal de lumiere comprenant un second signal 
pilote ; et des moyens de detection sont prevus pour 
detecter un signal principal a partir dudit signal de 
lumiere predetermine. 

6. Procede d'ajustement d'angle d'un systeme optique 
de reception dans un systeme de communication 
optique en espace libre pour realiser des commu- 
nications par propagation d'un signal de lumiere 
dans un espace libre, comprenant : 

une etape de multiplexage d'un premier signal 
pilote avec un signal d'emission par des 
moyens de multiplexage ; 
une etape de conversion d'un premier signal 
electrique provenant desdits moyens de multi- 
plexage en un premier signal de lumiere ; 
une etape d'emission dudit premier signal de 
lumiere vers un appareil correspondant par I'in- 
termediaire d'un systeme optique d'emission ; 
une etape de reception par I'intermediaire d'un 
systeme optique de reception d'un second si- 
gnal de lumiere comprenant un second signal 
pilote ayant ete emis par ledit appareil 
correspondant ; 

une etape de conversion dudit second signal 
de lumiere en un second signal electrique ; 
une etape de detection par des premiers 
moyens de detection dudit second signal elec- 
trique ayant passe a travers un premier filtre 
passe-bande ayant une region passante com- 
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prenant une frequence dudit second signal 
pilote ; 

caracterise par : 

5 

une etape de detection par lesdits seconds 
moyens de detection dudit second signal elec- 
trique ayant passe a travers un second filtre 
passe-bande ayant une region passante n'in- 
cluant pas la frequence dudit second signal to 
pilote ; et 

une etape pour rendre variable une frequence 
de coupure d'un filtre d'une boucle d'asservis- 
sement pour rajustement d'un angle dudit sys- 
teme optique de reception, sur la base de si- is 
gnaux provenant desdits premiers moyens de 
detection et desdits seconds moyens de detec- 
tion. 

7. Proceded'ajustementd'angle d'un systeme optique 20 
de reception dans un systeme de communication 
optique en espace libre pour realiser des commu- 
nications par propagation d'un signal de lumiere 
dans un espace libre, comprenant : 

25 

une etape de multiplexage d'un premier signal 
pilote avec un signal de transmission ; 
une etape de conversion d'un premier signal 
electrique provenant desdits moyens de multi- 
plexage en un premier signal de lumiere ; 30 
une etape d'emission dudit premier signal de 
lumiere vers un appareil correspondant par I'in- 
termediaire d'un systeme optique d'emission ; 
une etape de reception par I'intermediaire d'un 
systeme optique de reception d'un second si- 35 
gnal de lumiere comprenant un second signal 
pilote, ayant ete emis par ledit appareil 
correspondant ; 

une etape de conversion dudit second signal 
de lumiere en un second signal electrique ; 40 
une etape de detection par lesdits premiers 
moyens de detection dudit second signal elec- 
trique ayant passe a travers un premier filtre 
passe-bande ayant une region passante com- 
prenant une frequence dudit second signal 45 
pilote ; 

caracterise par : 

une etape de detection par des seconds so 
moyens de detection dudit second signal elec- 
trique ayant passe a travers un second filtre 
passe-bande ayant une region passante n'in- 
cluant pas la frequence dudit second signal 
pilote ; 55 
une etape pour rendre variable un gain d'une 
boucle d'asservissement pour I'ajustement 
d'un angle dudit systeme optique de reception, 



sur la base de signaux provenant desdits pre- 
miers moyens de detection et desdits seconds 
moyens de detection ; et 
une etape pour rendre variable une taille du 
faisceau d'emission dudit premier signal de lu- 
miere, sur la base des signaux provenant des- 
dits premiers moyens de detection et desdits 
seconds moyens de detection. 
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